A growing body of research suggests that musical experience and ability are related to a variety of cognitive abilities, including executive functioning (EF). However, it is not yet clear if these relationships are limited to specific components of EF, limited to auditory tasks, or reflect very general cognitive advantages. This study investigated the existence and generality of the relationship between musical ability and EFs by evaluating the musical experience and ability of a large group of participants and investigating whether this predicts individual differences on three different components of EF -inhibition, updating, and switching -in both auditory and visual modalities. Musical ability predicted better performance on both auditory and visual updating tasks, even when controlling for a variety of potential confounds (age, handedness, bilingualism, and socio-economic status). However, musical ability was not clearly related to inhibitory control and was unrelated to switching performance. These data thus show that cognitive advantages associated with musical ability are not limited to auditory processes, but are limited to specific aspects of EF. This supports a process-specific (but modality-general) relationship between musical ability and non-musical aspects of cognition.
Introduction
The ability to control and regulate our thoughts and behavior, termed executive function (EF; also executive control or cognitive control), plays a critical role in nearly every aspect of cognition (Engle, 2002) . It is often argued that there are three core EFs (e.g., Diamond, 2013; Logue & Gould, 2013; Miyake, Friedman, Emerson, Witzki, & Howerter, 2000) : inhibition refers to the ability to control attention, behavior, and thoughts, especially in the face of conflicting responses; updating refers to the ability to continuously monitor information and to rapidly add and remove information from working memory; and switching refers to flexibly switching between tasks or mental sets. These processes are closely related but separable; for example, individual differences in EF components relate differentially to complex ''frontal lobe" tasks (Miyake et al., 2000) and to general intelligence (Friedman et al., 2006) .
Among the complex activities that rely on EFs are the perception and production of music. Active music listening involves building complex cognitive representations of musical structure (e.g., Koelsch, Rohrmeier, Torrecuso, & Jentschke, 2013; Lerdahl & Jackendoff, 1983; Patel, 2008) , generating musical expectancies (e.g., Huron, 2006; Margulis, 2005; Meyer, 1956; Rohrmeier & Koelsch, 2012) , and detecting and resolving musical ambiguities (e.g., Jackendoff, 1991; Slevc & Okada, 2015) ; all processes that plausibly draw on EFs. Producing and learning music likely involves even greater EF demands. For example, music is most often played in coordination with others (Palmer, 2013) , which requires switching between multiple auditory streams (Loehr, Kourtis, Vesper, Sebanz, & Knoblich, 2013 ) and adjusting to other performers (e.g., Loehr & Palmer, 2011; Moore & Chen, 2010) . Thus music performance may be associated with relatively general switching advantages, and musicians have indeed been found to outperform non-musicians on switching tasks (Hanna-Pladdy & MacKay, 2011; Moradzadeh, Blumenthal, & Wiseheart, 2014; see also Bugos, Perlstein, McCrae, Brophy, & Bedenbaugh, 2007; Zuk, Benjamin, Kenyon, & Gaab, 2014) .
Playing music with other performers not only requires shifting attention, but also exercising inhibitory control to monitor for conflict and to make corresponding adjustments to one's own performance (Jentzsch, Mkrtchian, & Kansal, 2014; Palmer, 2013) . Processing complex polyrhythms (e.g., tapping a main meter with one hand and a counter meter with another) also requires http://dx.doi.org/10.1016/j.cognition.2016.03.017 0010-0277/Ó 2016 Elsevier B.V. All rights reserved.
